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Introduction
Zoonotic toxoplasmosis is a global public health 
problem caused by infection with the protozoan 
Toxoplasma gondii (T. gondii) (Aguirre et al., 2019). 
This is because T. gondii is distributed globally, and 
besides human health, it also has an impact on animal 
health (Wormer et al., 2016). Toxoplasma gondii is 
an obligate intracellular parasite. Three methods are 
available for this parasite to infect a host during its life 
cycle: bradizoit by the consumption of tissue cysts, 
oocysts, and tachizoit through congenital infection 
(Al-Fertosi and Juma, 2006; Nurdianto et al., 2020). 

The definitive host for this parasite is the Felidae 
family (especially domestic cats), and the intermediate 
host is warm-blooded vertebrates, including humans, 
rodents, birds, livestock, and marine mammals (Saki 
and Khademvatan, 2014). Only the asexual stage has 
developed in the intermediate host, not the sexual stage. 
Cysts develop in the cat's intestine during the sexual 
period when it consumes rats (Hiswani, 2003; Praptiwi 
et al., 2016). Cats after infection can excrete oocysts in 
their feces, which contaminates the environment (Jiang 
et al., 2020). The cycle of toxoplasmosis involves the 
spread of the disease from rats to cats and people. Rats 
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Abstract
Background: The protozoan Toxoplasma gondii is the source of zoonosis toxoplasmosis and causes public health 
problems throughout the world. Environmental contamination by oocysts excreted by cats as definitive hosts affects 
the spread of this disease. Wild rats as rodents can be used as an indicator of environmental contamination by oocysts, 
considering that rats have a habit of living in dirty environments and can be infected by oocysts from the environment. 
Aim: This study aims to detect toxoplasmosis from tissue cysts and serological tests in wild rats as an indicator of 
environmental contamination in Surabaya. 
Methods: A total of 100 wild rats collected from Surabaya were collected in five areas (West, East, Central, North, and 
South of Surabaya) obtained from three trapping locations: housing, dense settlements, and markets. All samples were 
examined microscopically for parasitological tests through the brain tissue samples, and the serum was examined using 
the toxoplasma modified agglutination test to detect the presence of IgG and Immunoglobulin M (IgM). 
Results: This research used 100 wild rat samples, 77 Rattus tanezumi and 33 Rattus norvegicus, with evidence of 31% 
in serology and active infection with 19% tissue cyst. The results showed that the seroprevalence of T. gondii in wild 
rats was 31% (30% for IgG and 1% for IgM). Tissue cysts in the rat brain samples tested were 19% (19/100). The IgG 
prevalence rate in female rats was 25% (8/32), while for males, it was 32.3% (22/68). The highest seropositive IgG 
from densely populated settlements was 50%, markets were 25.8%, and housing was 12.1%. The highest seropositive 
IgM from densely populated settlements was 2.8%. Population density and the presence of cats are factors supporting 
the high seropositive rate at the trapping location. 
Conclusion: This study revealed that there has been toxoplasmosis contamination in Surabaya with evidence of 31% 
in serology and active infection with 19% tissue cyst. It is necessary for controlling with surveillance in cats to prevent 
transmission in humans.
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are the primary source of infection for the Felidae, 
which is why they are important in the epidemiology 
of toxoplasmosis. When oocysts sporulate in the 
environment, they become infectious for both humans 
and other animals, including rats. Wild forage on the 
ground can become infected with T. gondii. Rats, as an 
intermediate host and reservoir, play an important role 
in the life cycle and transmission of T. gondii infection. 
Toxoplasma gondii in the cystic stage can become a 
source of transmission for their offspring, predators 
(cats), and other animals (Galeh et al., 2021). Cats 
can be reinfected by Toxoplasma gondii and excrete 
oocysts back in large quantities into the environment 
(Zulpoa et al., 2018). Therefore, it is very important 
to conduct research on toxoplasmosis in rats as an 
indicator of environmental contamination by oocysts. 
Prevalence of toxoplasmosis in rats in several parts 
of the world is in Africa at 24.24%, Asia at 18.07%, 
Australia at 4.63%, Europa at 12.58%, North America 
at 8.21%, and South America at 19.40% (Galeh et al., 
2020). Rodents are a key source of T. gondii infection 
for other hosts in addition to serving as intermediate 
hosts for the parasite (Bahadori et al., 2018).
The incidence of toxoplasmosis in rats has been 
reported in several countries. However, research on 
toxoplasmosis in Indonesia is still very limited and the 
methods used are serological. Researchers only found 
two publications on the incidence of toxoplasmosis 
in rats, in Banjarnegara at 3.7% (Wijayanti and 
Marbawati, 2018) and in Yogyakarta at 4.8% (Agustin 
and Noor, 2009).

Materials and Methods
Sampling technique
This research was a cross-sectional study, conducted in 
the field (housing, dense settlements, and markets) to 
collect rat samples and in the Laboratory (Veterinary 
Parasitology and Balai Veteriner Lampung) to observe 
the presence of T. gondii parasitologically and 
serologically as well as molecularly. The experimental 
protocol was approved by the Animal Care and Use 
Committee of the Faculty of Veterinary Medicine, 
Airlangga University No. 2.KEH.080.07.2022.
Study area
Trapping wild rats in the field is carried out in housing, 
dense settlements, and markets in Surabaya. Surabaya 
is divided into five regions; East, West, South, North, 
and Central Surabaya. Catching wild rats using mouse 
traps.
Trapping rats 
Trapping rats using a live trap. Traps were made at night 
in five areas in Surabaya (North, West, South, East, 
and Central Surabaya), and in each area, the sampling 
locations included housing, dense settlements, and 
markets. The number of samples depends on the trap 
at each location which was carried out for 2 months 
and it is estimated that there are more than 100 rats. 
Furthermore, the rats were sacrificed to take blood 

without giving anticoagulants for serological tests, 
parasitological tests, and bioassay.
Blood sample collection and serological test
Rats were anesthetized using ketamine HCl at a dose of 
50–100 mg/kg body weight by intramuscular injection 
in the thick muscle of the rat's thigh (Donald, 2002). 
A total of 100 wild rats trapped in the field (housing, 
dense settlements, and markets) were collected from 
June to September 2022. Next, approximately 3–5 ml 
of blood was taken from the heart using a 3 cc syringe 
then the blood was collected in a non-EDTA tube and 
stored overnight at room temperature to coagulate for 
serum separation. Separation of serum was obtained 
by centrifugation at 3,000 rpm for 10 minutes, which 
was carried out at the Institute of Tropical Disease and 
at the Parasitology Laboratory, Faculty of Veterinary 
Medicine, Airlangga University. The isolated serum 
was stored at −20ºC until it was used. After blood 
collection, followed by labeling and identification.
Toxoplasmosis seroprevalence testing uses the 
toxoplasma modified agglutination test (ToMAT) to 
detect IgG and IgM (Syukran et al., 2017). The serum 
was directed with the ToMAT test reagent (red for IgG 
and blue for IgM) according to the instructions in Balai 
Veteriner Lampung. The results are read using a reading 
mirror, the negative results look like a small dot at the 
bottom of the well because the ToMAT reagent will 
settle to the bottom of the microplate well.
Parasitological test
The parasitological test was carried out by a brain 
homogenization test (Maulana et al., 2017). Rat brains 
were homogenized in 1.5 ml of saline buffer (0.85% 
NaCl) with a mortar and passed through a 22-gauge 
needle and syringe. Two portions of the homogenate 
are separated. For the purpose of observing tissue 
cysts, one part was added to the same volume of 
10% formalin and kept at room temperature. Brain 
pressure examination is done by taking a small part of 
the brain and placing it on a glass object. The brain 
is then covered with a cover glass and then another 
object glass is placed on top of the cover glass. Pressed 
with the thumb and viewed under a microscope with 
a magnification of 400× to 1,000× (Mufasirin and 
Suwanti, 2008).
Bioassay 
Microscopically identified T. gondii bradyzoite cysts 
were isolated and then bioassayed on mice (Mus 
musculus) strain balb/c. Brain tissue was a specimen 
that was suspended and injected intraperitoneally into 
two healthy mice. One mouse was sacrificed 1 week 
after infection to see tachyzoites in the intraperitoneal 
fluid. Until day 60 after vaccination, the inoculated 
mice were monitored every day for the appearance of 
clinical symptoms. When mice died within 2 weeks of 
infection, a T. gondii isolate was deemed to be virulent. 
To determine whether there were any cysts in the mice's 
brains, the surviving mice were put to death 5–6 weeks 
after infection (Dubey et al., 2016).
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Ethical approval
The experimental protocol was approved by the 
Animal Care and Use Committee of the Faculty 
of Veterinary Medicine, Airlangga University No. 
2.KEH.080.07.2022.

Results
Parasitological test 
The results of the examination T. gondii cysts on 100 
wild rats collected from Surabaya in June–September 
2022. Microscopically showed several positive 
results with the discovery of cyst stages containing T. 
gondii bradyzoites in the rat brains. The results of the 
microscopic examination are shown in Figure 1. The 
average diameter of tissue cysts is 20.65 µm.
The prevalence in the parasitological test is the 
percentage of rats infected with T. gondii compared 
to the total sample. The prevalence rate is calculated 
using the following equation:

Prevalence = 
Number of cases
Total of sample

 × 100.

This research used 100 wild rat samples, 77 Rattus 
tanezumi and 33 Rattus norvegicus. The microscopic 
prevalence of T. gondii infection in R. tanezumi was 
18.2% (14/77) and R. norvegicus was 21.8% (5/23). The 
general prevalence of T. gondii cysts microscopically was 
19% (19/100) (Table 1). This value can be categorized 
in the prevalence of often (William and Bunkley, 1996. 
These results indicate that parasites often infect.
Serological test 
Many methods can be used for serological testing 
of T. gondii antibodies. Serological test of T. gondii 
antibodies in this study used the To-MAT technique 
which has been standardized and validated by the 

Balai Besar Veteriner Lampung with a test accuracy of 
94.89%, a sensitivity of 98.55%, and a specificity of 
86.26%. The To-MAT method is one of the laboratory 
diagnostic methods for toxoplasmosis infection and 
is included in direct agglutination examination. IgM 
is the first antibody formed in an immune response 
(Nopitasari and Keman, 2014). This research used 100 
wild rat samples, 77 R. tanezumi, and 33 R. norvegicus. 
The serological prevalence of T. gondii infection in R. 
tanezumi was 29.9% (23/77) for IgG and 1.3% (1/77) 
for IgM. Meanwhile, the serological prevalence of T. 
gondii infection in R. norvegicus was 30.4% (7/23) for 
IgG and 0% (0/23) for IgM (Table 1).
Serological test for the presence of tissue cyst
The results of IgG seroprevalence for the presence 
of bradyzoites in rat brains were 63.3% (19/30), 
while for IgM it was 0% or no bradyzoite cysts were 
found (Table 1). The presence of bradyzoites in 
samples with seropositive IgG and IgM although not 
significantly indicating a correlation, can indicate 
that indeed infection has occurred and is confirmed 
microscopically. Tachyzoites differentiate into 
bradyzoites via compartments and parasitophorous 
vacuoles that are thought to differentiate into the outer 
wall of the cyst. Initial infection and acute infection 
begin with the rapid division of tachyzoites (Lesmana, 
2010). 
Approximately 10–14 days after infection, the 
tachyzoites differentiate into bradyzoites, which divide 
slowly to form tissue cysts. Tissue cysts can be in the 
body and do not cause clinical manifestations. Mice 
live in contact with the soil or are all scavengers such 
as pigs and can eat plants or drink water containing 
sporulated oocysts without being noticed. As soon 
as the sporulated oocyst is ingested by animals, it 
transforms into tachyzoites which are present in nerve 
and muscle tissue. Other research says that oocysts 
that are ingested by chickens will develop into cysts, 
settle in the chicken's body, and infect the organs of 
the chicken. Cysts are found in many organs, especially 
the brain, skeletal muscle, and heart. Wild rats can be 
infected with T. gondii from eating and drinking in dirty 
places contaminated with oocysts. Cat feces are not the 
only medium for the growth and transmission of T. 
gondii. Soil, plants, and even water are places where 
sporulated oocysts develop before being consumed by 
birds or rodents. The epidemiology and maintenance of 
T. gondii circulation in the country may be influenced 
by wild rats, which are potential T. gondii intermediate 
hosts and may be significant hosts (Galeh et al., 2020).
The results of positive IgG seroprevalence 30 days later 
for the presence of bradyzoites on pressure examination 
of the rat brain showed 19 positive bradyzoites and 
11 negatives. Of the 11 samples that were negative 
for bradyzoites, 13.6% were still false positives and 
86.4% were false negatives. In 11 samples of negative 
bradyzoite results for the environment, a positive value 
of 21.2% was found in residential and housing trapping 

Fig. 1. Toxoplasma gondii tissue cysts in rat brain, 400× 
magnification with a diameter of 27.02 µm.
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areas while in the market environment, it was not 
found. This is possible because the tissue cyst has not 
yet formed and microscopic examination of the brain 
pressure only takes a small part of the brain tissue even 
though it has been homogenized before.
Serological test of the trapping area
Wild rats in Surabaya were divided into five trapping 
areas. The seroprevalence among the five rats trapping 
that had the highest prevalence was South Surabaya at 
62.5% (5/8), then Central Surabaya at 38.5% (10/26), 
East Surabaya at 27.9% (12/43), West Surabaya at 
18.8% (3/16), and for North Surabaya 0 of 7 samples 
(Table 1). Immunoglobulin M (IgM) serological results 
for the trapping area showed positive only in the North 
Surabaya trapping area, it was not found in other 
trapping areas. This is due to the positive results of 
IgM only found in the trapping area of North Surabaya. 
IgM is formed when there is an acute infection and will 
disappear within 2–3 weeks, which is then replaced 
by immunoglobulin G which lasts a lifetime. IgM 
antibodies are formed early in the infection, appear 
around the third day, and can be stable in the blood for 
up to 3−4 months after infection (To et al., 2020).
IgM seroprevalence from the five trappings was only 
in North Surabaya which had a positive result of 14.3% 
(1/7) and for the other rat trapping no IgM serology 
results were found. Toxoplasmosis cases in Northern 

Iran based on serological tests reached 56% of which 
45% were males and 55% were females (Wijayanti 
and Marbawati, 2018). From Table 2, it can also 
be concluded that the p-value > 0.05 means that the 
IgM seroprevalence for the five trapping areas gives 
significantly different values. IgG seroprevalence from 
the five trappings had a positive result West Surabaya 
18.8% (3/16), Central Surabaya 38.5% (10/26), South 
Surabaya 62.5% (5/8), East Surabaya 27.9% (12/43), 
and North Surabaya 0% (0/7).
Serological test based on the environment of rats
In this study, the trapping area was also used as a 
parameter to determine the serological prevalence of 
toxoplasmosis among wild rats of Surabaya. Dense 
settlements gave the highest IgG seroprevalence rate 
compared to the other 50% (18/36), markets had an 
IgG seroprevalence of 25.8% (8/31), while housing 
had an IgG seroprevalence of 12.1% (4/33) (Table 1). 
Based on the trapping area, IgG seroprevalence gives a 
significant value, this shows that there is an influence of 
the trapping environment of wild rats on the incidence 
of toxoplasmosis in Surabaya. A significant value is 
found in IgG seroprevalence in the market (Table 2).
Serological tests based on the gender of rats
IgG seroprevalence rate in female rats was 25% (8/32), 
while for males, it was 32.3% (22/68) (Table 1). The 
seroprevalence of IgG in males was greater than 

1446

Table 1. Demographic data for prevalence toxoplasmosis of wild rats in Surabaya.

Category Variables
Prevalence (%)

Tissue cyst IgG IgM

Gender
Male 19.1% (13/68) 32.3% (22/68) 0% (0/68)
Female 18.7% (6/32) 25% (8/32) 3.1% (1/32)

Subdistrict

West Surabaya 37.5% (6/16) 18.8% (3/16) 0% (0/16)
Central Surabaya 15.4% (4/26) 38.5% (10/26) 0% (0/26)
South Surabaya 50% (4/8) 62.5% (5/8) 0% (0/8)
East Surabaya 9.3% (4/43) 27.9% (12/43) 0% (0/43)
North Surabaya 14.3% (1/7) 0% (0/7) 14.3% (1/7)

Habitat
Housing 42.4% (14/33) 12.1% (4/33) 0% (0/33)
Dense settlements 8.3% (3/36) 50% (18/36) 2.8% (1/36)
Markets 6.4% (2/31) 25.8% (8/31) 0% (0/31)

Species
Rattus tenezumi 18.2% (14/77) 29.9% (23/77) 1.3% (1/77)
Rattus norvegicus 21.8 % (5/23) 30.4% (7/23) 0% (0/23)

Table 2. Serological test.

Trapping areas
IgG

p
Positive Negative

Dense settlements 18 50.0%  18 50.0%
0.05*Markets 4 12.1% 29 87.9%

Housing 8 25.8% 23 74.2%

* p < 0.05 was considered statistically significant.
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in females although not significantly different, this 
indicated that gender did not have an effect on the 
value of IgG seroprevalence in rats in Surabaya. The 
percentage of male IgG is greater because most of 
the rat’s sample are male. The capture of rats is also 
influenced by the development and population of wild 
rats. Types of food, arrangement of goods, temperature, 
and humidity are factors that influence rat breeding. 
An intermediate host's behavior may be altered by 
Toxoplasma gondii infection of the host's brain. 
Toxoplasma gondii can survive in the host and change 
their behavior to ensure that transmission continues 
(Webster, 2001). 

Discussion
Rat brains containing bradyzoite-filled, globular T. 
gondii cysts were discovered. Brain tissue analysis 
can be used to detect environmental contamination 
by determining the frequency of T. gondii infection in 
native and commensal rodents (Ivovic et al., 2019). 
Bradizoites are covered with thin cyst walls of varying 
sizes, with a cyst diameter of around 5–50 µm. Cyst 
sizes vary, there are small cysts containing only a few 
bradyzoites and 200 µm containing approximately 
3,000 bradyzoites (Gandahusada et al., 1998). Tissue 
cysts form after 10–14 days of pasca infection. About 
10–14 days after infection, the tachyzoites differentiate 
into bradyzoites which divide slowly to form tissue 
cysts. Tachyzoites will differentiate into tissue cysts in 
host cells (Dubey, 1998).
A total of 100 samples were detected microscopically, 
and only 19 samples were positive for tissue cysts in 
the brain because the process of cyst formation in the 
body takes a long time and many factors. The process 
of changing tachyzoites into bradyzoites depends on 
the T. gondii strain. Non-virulent strains tend to change 
from the tachyzoite stage to become bradyzoites and 
then form cysts. The change in the tachyzoite stage to 
bradyzoite also depends on the speed of multiplication, 
pH, environmental temperature, and the presence 
of anti-mitochondrial drugs (NO) in the host's body 
(Susanto et al., 1998). A total of 19 samples with 
positive results indicated that the infection was chronic, 
characterized by the formation of brain tissue bradyzoite 
cysts. In line with research from chronic infections, 
parasites develop slowly and form bradyzoites in host 
tissue, and cysts can last for months in brain tissue, for 
example. Tachyzoite–bradyzoite stage differentiation 
or vice versa is the basis for chronic infection and the 
reactivation of chronic infection into acute infection 
(Hanafiah et al., 2013).
Initial infection and acute infection are preceded by 
rapid division of tachyzoites. Approximately 10–14 
days after infection, the tachyzoites differentiate into 
bradyzoites, which divide slowly to form tissue cysts. 
Tissue cysts can be in the body and do not cause 
clinical manifestations. In humans, tissue cysts form 
on average 10–14 days after infection. The number and 
location of tissue cysts depend on the host and strain of 

T. gondii. In mice, tissue cysts are found in the brain 
and internal organs. Meanwhile, in higher mammals 
such as goats, cows, and cats, there are more tissue 
cysts in the muscles than in the brain (Dubey, 1998).
In this cross-sectional study, the results were 31% 
seropositive for T. gondii in 100 wild rat samples in 
Surabaya, 1% seropositive IgM, and 30% IgG. The 
results of serological testing of IgG against T. gondii 
in rat serum samples captured in Surabaya were 30% 
(30/100). These results indicate that there is still a 
potential for transmission of T. gondii. Due to the 
ease with which infected rats can spread T. gondii to 
other animals, the high prevalence of this unicellular 
parasite in wild rats is particularly significant in this 
case. Cats, dogs, and other animals may contract T. 
gondii tissue cysts from wild rats. On the other hand, 
because cats are considered to have contracted the 
illness by eating these infected mice, the prevalence 
of T. gondii infection in cats actually reflects infection 
rates in nearby rodents. A similar study conducted 
in Banjarnegara Regency produced 3.57% (3/84 
mice) of toxoplasmosis positive sero (Wijayanti and 
Marbawati, 2018). In line with these results, another 
study stated that the seroprevalence of T. gondii in 
Northern Iran was 56% (Hosseini et al. 2021). Another 
study conducted in Poland on cases of Toxoplasmosis 
in Rodents stated that the seroprevalence was 5.5% 
(Grzybek et al., 2021). In line with research, regardless 
of the serological examination method used, the global 
seroprevalence of T. gondii infection in rodents; 0.3% 
in the USA (Smith et al., 1992), 0.8% in West India 
(Dubey et al., 2016), Southern China 3.2% (Webster, 
1994), Panama 23.4% (Frenkel et al., 1995), England 
35% (Webster, 1994), and Philippines 58% (Salibay 
and Claveria, 2005).
Many studies have provided information regarding the 
seroprevalence of T. gondii in both humans and animals. 
The prevalence of T. gondii in animals in Indonesia, 
data obtained from dogs 75%, cats 35%–73%, goats 
11%–61%, cattle 36.4%, pigs 11%–36%, and other 
livestock 10% (Setiati et al., 2014). Epidemiologically, 
this disease is widespread throughout the world. 
According to data from the center for disease control 
and prevention, it shows that as many as 60% of the 
population was infected with toxoplasmosis in 2018. 
The seroprevalence in Yogyakarta is 61.5% (Sujono, 
2010). Meanwhile, the seroprevalence rate in Indonesia 
states that data in Surabaya is 58%, and in Jakarta, it is 
70% (Terazawa et al., 2003).
Wild rats that live in a human environment usually 
consume all human food ingredients so they are 
classified as omnivores. Rats can be infected with 
toxoplasmosis from contamination of T. gondii oocysts. 
Wild rats can become persistent intermediate hosts of 
T. gondii through vertical transmission, cannibalism, 
and horizontal transmission through insects as 
paratenic hosts. Rats infected with T. gondii can cause 
toxoplasmosis in cats through carnivorism. The high 
infection of toxoplasmosis rats indicates that rats may 
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play a role in the transmission of toxoplasmosis in 
Surabaya epidemiologically and the positive number 
is highest in densely populated residential areas. 
This study indicates that toxoplasmosis in rats may 
be related to toxoplasmosis in cats found in densely 
populated environments. Rats can also be infected 
with toxoplasmosis from consuming cockroaches 
contaminated with T. gondii oocysts (Jittapalapong et 
al., 2009).
Rats with chronic T. gondii infection lost their fear of 
the scent of cat urine, according to the findings of a 
behavioral study that contrasted rats with and without 
infection with rats who were infected with the parasite 
(Webster, 2001). Changes in behavior caused by this 
parasite can increase the risk of predation in infected 
rats, which leads to an increase in the transmission rate 
of the parasite to the definitive host (Berenreiterova 
et al., 2011). The mechanism underlying this change 
in behavior is still unclear, but one of the factors that 
is thought to cause the change in the behavior of the 
intermediate host is the increase in dopamine levels 
in chronic T. gondii infection (Prandovszky, 2011). 
According to Anasis (2019), a T. gondii infection 
can boost dopamine signals in the host brain by 
increasing the activity of the enzymes that produce 
them. The host's behavior is influenced by the elevated 
dopamine signal, which increases exploration of the 
surroundings, including cat urine. Behavior to explore 
the surrounding environment is the reason rats can be 
caught in the Surabaya environment. The prevalence 
of IgM also gave results that were not significantly 
different. In contrast to the research by Wijayanti 
and Marbawati (2018), it was stated that in his study 
the rats that were mostly caught were females. The 
prevalence of T. gondii did not statistically differ by 
species, location, or age (Wang et al., 2018).

Conclusion
Our findings indicate that T. gondii has been circulating 
in Surabaya, and wild rats have the potential to transmit 
the infection. It is necessary to control with surveillance 
environmental contamination of T. gondii to prevent 
transmission to humans.
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